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CHAPTER I 
INTRODUCTION 
A su rvey of  l i te rature pertai n i n g to mater i a l s and methods of  seali n g  
h i g hway pavement  crack s  i nd i cated a scarc i ty of  i nfo rmati on  and a lack o f  
standard tes t i n g  procedure s for a s p ha l t  pavement crack sea l ants . There­
fore. the p ropos a l  for research  on  11Sea l i ng Cracks i n  Fl ex i b l e  Pavements11 
cal l ed for eval u at i ng and/or deve l op i n g  a s e r i e s  o f  l a bo ratory test  pro­
cedures that cou l d  be used to p red i ct a sea l ant materi al ' s  u l timate f i e 1 d 
performan ce. 
Standard or ten tati ve  s tandard ASTM tes ts h ave been devel oped for 
r i g i d  pavemen t crack  and  joi nt sea l i ng materi a l s .  Due to d i fferences  i n  
the type o f  sea l ants and pe rformance requ i remen ts , many o f  t he s e  tes t s  
are not  d i re ctl y appl icabl e t o  fl ex i b l e pavemen t sea l ers . However ,  a 
group of  tes t s  based on thes e  s tandard p rocedures were s e l ected and 
appl i ed wi th mi nor  mod i fi cat i ons  to the type and grades of  mater i a l s u sed  
for  sea l i ng aspha l t  pavement  cracks i n  O k l a homa . These  tes t s  were 
se l ected to eval u a te both performance characteri s t i cs , i . e. ,  adhe s i on and 
ducti l i ty at l ow temperatures and compat i b i l i ty wi t h  the paveme n t  bi nder , 
and certa i n  phys i ca l  and rheo l og i ca l  p roperti e s , i . e . ,  con s i stency , fl ow , 
res i l i ence and  shri nkage , of  the aspha l t s ea l i ng mater i al s .  
Two aspects were con s i dered  i n  eval u at i ng the res u l ts  of t h i s  series 
of  l aboratory tests . F i rst , an attempt was made to a s s i gn s i gn i fi can ce 
to the respecti ve tests  wi th  regard to  t he i r  va l ue as  i nd i cators of 
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either material quality or expected field performance of a sealant. 
Secondly, the asphalt materials used in the tests were appraised as to 
their effectiveness as crack sealers. However, the true criterion, in 
th i s case, is how well a sealant performs under actual field cond i t i ons . 
This will be true until a correlation between laboratory test 
results and field performance has been established. I n  order to establish 
this correlation and to determine the most effective application proce­
dures for flexible pavement crack sealants a field test program was 
planned. The experimental design for this proposed program has been 
included. 
CHAPTER I I  
BOND- DUCT IL ITY TEST EQU I PMENT 
The bond -ducti l i ty tes t i s  an attempt to dup l i cate fi el d cond i t i ons 
at pavement cracks w i t h  regard to the tens i l e  stra i ns i mposed on sea l ants 
as the temperatu re of adjacent pavement s ecti on s  decreases. It i s  a 
bas i c  test u sed by many p revi ous  i nvestigators (1) (2) (3) (4) (5). 
Al though the test i ng procedures and equ i pment may d i ffer , the essent i a l  
features of t his tes t ,  a s  desc r i bed i n  I nterim  Report  I (6), are the 
s ame. 
The extension mach i nes u s ed by t he respecti ve agenc i es o r  invest i ­
gators c i ted were not commerc i a l l y  ava i l ab l e, not reasonabl y pri ced , or 
not cons i dered s uitab l e for the i ntended i nvesti gat i on .  Therefore , i t  
was deci ded to des i gn and construct such  a dev i ce to f i t the needs and 
constrai nts of the s ubj ec t  research project . 
Many factors were considered dur i ng the des i gn o f  t h i s mach i ne .  
The primary ones were those deal i ng wi th the s i ze ,  capac i ty ,  and cost 
of t he dev i ce. Other desi gn cons i derations i nc l u ded the capab i l i ty of 
hand l i ng mul t i p l e tes t s ampl es of s peci fic l ength and the  need for 
prec i sion control s  to reg u l ate the o perat i onal s peed . The s i ze con­
s tra i nt was i mposed by the need to house  the mach i ne i n  an ava i l ab l e 
low-temperature cab i net , whi c h  was to provi de the contro l l ed temperature 
env i ronment for t he tes t s . The mac h i ne had to f i t i nto the cabi net 
wi th some l eeway for opera t i onal mani pu l at i on and adj u s tmen t .  
3 
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Des i gn Feature s  
T h e  bond-duct i l i ty mac h i n e  deve l ope d  for th i s proj ect was des i gned 
to tes t  mu l t i pl e  sampl es  of sea l ant mater i a l s poured between s paced 
s pecimen block s  of aspha l t concrete.  These  blocks  are c l amped i n  the 
mac h i ne and pul l ed apart at a contro l l ed rate of tens i l e  stra i n  under 
low temperature cond i t i on s. The mach i ne has severa l other n oteworthy 
features: 1) it i s  portab l e and compact i n  size; 2 )  i ts rate of 
extens i on of the sea l ant  s amp l e s  can be var i ed and control l ed prec i s e l y; 
3) the mac hine control s can  be reversed to prov i de compre s s i v e  s tre s s  
on the test samp l es;  and 4) i t  can  accommodate test s pe c i men  bl ocks  u p  
t o  6.0 i n. (1 5 2  mm) i n  l en gth . These features prov i de t h e  machi ne a 
cons i derab l e amount of versat i l i ty rel at i ve to test i n g  other types  of 
sea l ants, e . g., PC concrete crack  s ea l i ng and j o i nt f i l l er material s, 
and to use i n  more comprehen s i ve researc h  i nvesti gat i ons i n vol v i n g  exten­
s i on and compre s s i on tests i n  an env i ronmenta l  chamber . 
Test i n g  Equi pment  
T he bond-duc t i l i ty mach i ne cons i s ts o f  the fol l owi ng components : 
1 )  e l ectr i c motor, 2)  speed reduct i on and d r i ve a s sembl y ,  3)  supporti ng 
tabl e, and 4) two c l amp i ng frame s . Aux i l i ary equi pment i nc l udes  two 
l ow-temperature cab i nets or freezers  and temperature and d i s p l acement 
rate moni tori ng dev i ces . F i gure l s hows some of the bas i c  des i gn 
features of the machi ne and i ts pos i t i on i n  the freeze r .  F i gure 2 
i l l us trate s deta i 1s of one o f  the cl amp i ng frame a s s emb l ie s . The 
respecti ve components and the i r  bas i c  spec i fi cations are a l so  l i sted i n  
Tabl e I I I, Appendix A .  
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Motor 
Based  on  an assumed stiffne s s  modu l u s  of  441 p s i  (31 kg/cm2 ) for an 
aspha l t materia l (7) and a u ni t stra i n, the force requ i red to l atera1 l y  
stretch s i x  s e a l ant sampl e s , 6 . 0 i n. (152  mm) l ong and 2 . 0  i n. (5 1 mm) 
deep, was determi ned to be 31 , 745 l b  ( 1 4 ,399 kg ) . The d e s i gn of  the  
mach i ne l ed for thi s force to be  transmi tted through  two 1 . 0 i n. 
{ mm) d i ameter pul l i ng shafts rotating at 1 /60  rpm . Design ca l cu l a­
ons (8 ) (9) u s i ng th i s i nformat i on ,  i ndi c ated that at l ea s t  a 1 /1 68 
Hp  motor was requ i red. 
A 1/3 Hp Zero-Max e l ectr i c  motor wi t h  a speed  of 1 72 5  rpm was 
s e l ected as the power sou rce. The motor and speed r educti on components 
of the equipment were u l tima te l y  l ocated outsid e  the freezer compartment 
with a connect i ng shaft through  the freezer wal l to the mach i ne 1s gears 
(see Fi gu re 1 ) . Operati ona l conveni ence, s pace l i mi tat i ons , and heat 
from the motor made thi s a pract i ca l  arrangement. 
Speed Reduction and Dri ve  Ass embly 
The s peed reduction and d r i v e  components of the  mac h i ne a re il l u s ­
trated i n  F i gure 1 .  The s chemati c arrangement and data for these  parts 
is presented i n  Tab l e IV,  Append i x  A. The bas i c  parts of  the  a s s embl y 
are: a var i ab l e and a f i xed gear  head connected to the motor o ut s i de  
the  ; a 0.5 i n. (1 3 mm) d i ameter connecting s haft wi th coup l i ng s; 
and two 8 .  3 in. (2 1 1  mm) p i tc h  d i ameter cas t  i ron and brass  worm gears  
wi two 1.0 in. ( 25  mm) p i tch d i ameter  s tee l  worms . Two 1 . 0 i n. ( 25 mm) 
di ameter steel  s hafts through  the  center of  the  bra s s  worm gears pro­
vi ded  the  dr i ve or pu l l i ng force on the mov eabl e bed of  the  c l ampi ng 
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frames. Both ends of each of these shafts were threaded (four threads 
per inch) and turned in similarly threaded 1 .38 in. (35 mm) d iameter brass 
connecting heads on the clamping frames. 
Functionally, the gear heads and worm gears reduce the operating 
speed of the motor and rotate the pulling shafts. The threaded connecting 
heads transform the rotation or turning motion of the pulling shafts to 
the desired rate of horizontal displacement for testing purposes. 
Several alternatives for the 1 gear train11 or drive assembly to 
transmit force to the moveable clamping beds were considered in the 
design. One of these was a chain drive arrangement. However, the worm 
gears with a 100 to 1 reduction ratio eliminated the need for an addi­
tional gear head, reduced the amount of 11play11 in the system, and cost 
less than the other alternatives. After the machine was constructed and 
operational, only one design modification was necessary. This involved 
placing a steel pin through the brass worm gear hubs to prevent slippage 
of the pulling shafts with unbalanced loading of the clamping frames. 
Supporting Table 
The supporting table or platform of the machine consists of a 
rectangular 1.0 in.(25 mm) thick aluminum plate mounted on four adjus­
table pipe legs. The dimensions and height of this table were controlled 
by the necessity to use an available low-temperature cabinet or freezer 
to provide the desired temperature for sealant testing. The supporting 
table had to fit into this freezer. 
The center of the table was slotted to receive and support the worm 
gear assembly. Clamping frames for securing the test specimen blocks 
were positioned on the table on each side of the brass worm gear drives. 
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The adju s tab l e  pipe l eg s  for t he tab l e we re neces sary to l eve l  the  ma­
chine and to  s upport the c l ampi ng frame a s semb l ie s  a t  a convenient work­
i ng height when the machine  was i n  the freeze r .  
Cl amping Frames 
The c l amping  frames have two parts, a f i xed bed and  a moveab l e bed . 
The fixed bed i s  bo l ted to the al uminum s u pporting tabl e and the  move­
ab l e bed is actuated by the p u l l ing shafts rotati n g  i n  the thre aded 
connecti ng heads (see Figu re 2 } . Th e  thread i n g  directions of  the ends  
o f  the pull i ng shafts and the  connecting h eads on one side  of  the  machin e  
we re oppo s i te t o  those on t h e  other s i de so  that t h e  turning motion o f  
the s hafts was transformed i n to opposing directions  of  travel  for the 
two moveab l e c l ampin g bed s . Two pul l i n g  s hafts were used to ins u re 
even pu l l i n g  o n  the test s pecimens  and paral l el al ignment of the  c l amp­
ing frame beds. 
The des i gn s p eed of travel of  the moveabl e  beds  is 0. 125 in./hr 
(3 mm/hr) horizontal l y. This des i red s peed can be regu l ated prec i s e l y 
w i t h  the Zero-Max vari abl e s peed dr i ve which is equipped with a s crew 
contro l .  Other s peeds rangin g  from s l ight l y over zero to 0. 7 5  i n./hr  
(19 mm/hr) can a l so  be achieved. These s ame contro l s have the  capa­
bi l i ty of reversing  the direct i on of travel of the machine  so t hat 
compre s sive forces rather than tensil e force c an be app l ied to test 
s pecimens  in the c l amping frame s . 
Each c l ampi ng frame ho l d s  three  test s amp l es of s ea l an t .  T he  
sea l ant  s ampl e is  pou red between two a sp hal t concrete b l ocks.  The  
approximate b l ock  dimens i on s  are : 6 .0 in . (1 52  mm) long by 2.0 in. 
{51 mm) wide by 3.0 in, (76 mm) high. The test  samp l e b l ocks  are 
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secured to t he beds of the  c l amp i ng frame as  i 1 1 u strated i n  F i g ure 2. 
The dou b l e  jo i n t  confi gurati on of  t he  frame1s top permi t ted  s ome vari a­
tion in  the  he i g ht of the  b l ocks  u sed. 
Low-Temperature Cab i nets  
A Lab-Li ne freeze r  was  u sed to house  the  bond-duct i l i ty mach i ne and 
provi d e  the l ow-temperat ure env i ronment for testing the sea l ant s amp l e s .  
The i nside d i mens i ons o f  t h i s  freezer are: l ength, 31 . 0  i n. (79  mm) ; 
width, 21 .0 i n, (53 mm); depth , 2 7 . 0  i n. (69 mm) . As  prev i o u s l y  menti oned,  
t hese d i mens i ons l arge l y  c ontro l l ed t he s i ze and configurati on  o f  the  
tes t i ng mach i ne. 
P re v i ou s  i nves t i gators u sed  a test  temperature of 0 F ( - 1 7 . 8  C ) and 
th i s temperature was adopted based  on a s tu dy of  c l i matol ogi ca l  d ata.  
Thi s temperature cou l d  be achieved and ma i nt a i ned  wi t h i n  ± 0 .5 F (± 0 . 3 C )  
i n  the freezer .  
It was projected  that approx i matel y  ni nety samp l es o f  var i o u s  sea­
l ants wou l d have  to be tested  and t hat  in  mos t  case s , s everal cyc l es of 
extens i on wou l d  be requi red to o bta i n  fa i lure. To reduce  the t i me 
requ i red  for test i ng, an add i t i onal l ow-temperature cab i ne t  was provi ded 
to s to re the  ready-for-test i ng s amp l e s  and coo1  them to the  tes t i ng 
temperature. After pre-coo l i ng the samp l e s  c ou l d  be p l aced i n  the  
mach i ne housed  in  the  other freezer and the  test  s tarted i mmed i atel y. 
Thi s  pro ce s s  e l i m i nated a wa i t i ng per i od for the s amp l e s  to coo1 to the 
test temperature after p l aci ng them i n  the  machine. 
Moni tor i ng Devi ce� 
The horizontal dis p l acement rate or travel s peed  of the moveab l e 
c l ampi ng beds was periodi cal l y  checked u s i ng two dial g ages  and an 
electr ic  stop watch. The di al  gage s  were mounted on al umi nu m  ang l es 
attached to t he s upporti ng tabl e .  
Both the  cab i net  temperature and the  test  sampl e  temperatures 
were monitored d u r i ng  t he tes t i ng process  u s i ng s pec i al temperature 
probes (thermi s tors ) .  The w i res from t hese  thermis tors were connected 
to a YSI s canni ng tel e- thermometer u ni t l ocated out s i de the free z i ng 
compartment. 
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CHAPTER  I I I  
LABORATORY TEST PROCEDURES 
Six sea l ing materia l s were i ni t i a l l y s e l ected for eval u at i on by the 
proposed l aboratory tests  (6 ) .  Thes e  mater i a l s inc l uded two a spha l t 
cements, two cutback aspha l t products and two aspha l t emu l s i ons . The 
se l ect i on  was based on t he more effect i ve or  more wide l y  u sed sea l ants 
reported in the i n- state s u rvey ( 6) .  Two more sea l ants were added t o  
the study in its l atte r  s tages. One of these  was a s peci a l  type emu l sion 
which was inc l uded at the request  of  the ODOT, and the other added sea l ­
ant was a ru bber i zed  a s pha l t p roduct . Sufficient quant i ti es of these  
sea l ants were obta i ned from s ources recommended by the Res ea rch and  
Deve l opment D i vis i on of ODOT . Tabl e I in Append i x  B l ists  the types of 
seal ants tes ted and their source . 
Curing and Sett i ng Stu d i e s  
A basic pro b l em invo l ved i n  test i ng the l iqu i d  a spha l t products  was 
that of remov i ng a major port i on of  t he l i qu i fying agent, i . e . , the cut­
bac k so l vent and/or the emu l sifying water . Whil e the f l uid consistency 
of  these  ma ter i a l s fac i l i tates  t he i r  app l i c at i on in crack s , the  material  
cannot functi on as  a sea l ant until " curing" or 11setting11 has  o ccurred . 
Al so , res u l ts  o f  tests on the  l i qu i d  co l d-poured p roducts cou l d  not be  
directl y  compared w i th  the res u l ts for  the hot-po ured materi a l s.  T hu s , 
i t  was necessary to test  these  mate ri a l s i n  a condition a pprox i mating 
12 
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that of  the bas e  a spha 1 t  cement  from wh i ch they were formu l ated . 
Severa l  anci l l ary inves ti gati ons were made to s tudy the cur ing and 
s ett i ng proces s  o f  the s e  l i qu id sea l ants.  One o f  the s e  s tudi es i nvo l ved 
p l acing the cutbacks i n  s i mu l ated crack s  and oven dry i n g  the s pecime n s  
at  an expected max i mum env i ronment a l  temperature to  ascerta i n  the ti me 
requ i red for fie l d  cur i ng. The 6 i n .  (1 52  mm) l on g  s im u l ated cracks 
were made from l uci te p l a tes ( F i g u re 3) . Spacers  of  d i ffe rent  thi ck­
nes ses  between the p l ates  were u sed  to form s ea l ant  s peci mens  wi th a 
variety of wi dths and depths . Afte r  f i  1 1  ing the s e  11crack 11 mo 1 ds w i th  
sea 1 ant , the mo l d s  were wei ghed and  then p l a ced in an o ven at  150 F 
(65 . 56 C) for extended peri ods . The we i g ht  l os s  of  the s peci men was 
checked peri od i c a l l y . The same approach was emp l oyed but two a sphalt 
concrete bl oc ks  were u sed  to form the simu l ated crack mol ds .  Because  
l ea k i ng o f  the sea l ant  from the bl ocks d ur i n g  oven  exposure was  a maj o r  
probl em , n ew tes t  samp l e s  were cured at l aboratory temperature a n d  sub­
jected to a draft from an osci l l at i ng fan . 
Add i t i on a l l y ,  s amp l e s  of  the two cutback products (MC-800 and MC-
3000 )  were p l aced i n  s ha l l ow ,  5 . 55 i n. ( 1 41 mm ) d i ameter pan s . These 
sampl e s  w i th a l arge s urface area to depth rati o were oven c ured at 
1 50 F (65.56 C ) . The weig ht  l os s  wi th t i me of cur i ng for the s e  samp l es  
was mon i tored and the  res u l ts u sed  to  estab l i sh a re l at i ons h i p  between 
thi s rap i d  cur i n g  procedure  and the cur i ng behav i or of the cutback 
products i n  the s imu l a ted  cracks .  
Sampl e P reparati on 
Standard tes t  procedu res ( 1 0 ) for col d- po ured type concrete joi n t  
sealers  and the pre l i mi nary cur i ng and s ett i ng stud i es i nd i cated that 
Fi gure 3 .  Luc i te  P l ates S i mu l ated Cracks  Used for 
L i q u i d  Sea l ants Curi n g  and Setting 
Study 
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test speci mens o f  the l i qu i d  seal ants be prepared from materi al s from 
whi ch a major port i on of  the sol vents had been evaporated. Th i s neces­
si tated the  deve l opment of equ i pment and procedu res for acce l erat i ng 
th i s  evaporat i on process. Th i s  equ i pment i s  shown schema t i ca l l y  i n  
F i gure 4 and Figure 5 i s  a photograph o f  the equ i pment. 
Approxi mate l y  600 g o f  the l iq uid sea l i ng materi a l s  were p l aced i n  
a metal beaker 4.5 i n. ( 1 1 4 mm) i n  d i ameter and 5.5 i n . (1 40 mm) i n  he i g h t . 
The beaker was i nserted i n  the o i l bat h  mai ntai ne d  at a h i g h  temperature 
by an e l ectr ic  heater. During the  heati ng period , t he sea l ant was sti rred 
cont i nu ou s l y  at the rate of  1 20 rpm wi th  a smal l met a l  paddl e attached 
to a 1 1 0V mixer . The cutback products were heated to  a temperature o f  
2 25 F (1 07 C )  for a per i od o f  1 2  h r .  To avo i d  foami ng o f  t h e  emu l si ons , 
t hese products were heated to  1 90 F (88 C) for a peri od o f  1 5  hr .  Thi s  
procedure was carri ed out  w i t h  the heati ng e qu i pment housed i n  a fume 
hood . A major portion of  the cutback 1 s  sol vents ( 8 . 5 percent for MC-
3000 and 1 1  percent for MC-800 by wei gh t )  and a l l the emu l si fy i ng water 
was removed from the liq u i d  sea l ants by th i s  process . 
The same heat i ng uni t was u sed for heat i ng the cured sea l ants and 
the  semi -so l i d  sea l ing materi a l s  to  the requ i red  pou r i ng consi stency . 
Al l sea l ants, except the ru bber aspha l t product , were heated to  325 F 
( 163 C), t he temperature speci fied for heat i ng concrete joi nt sea l e rs 
(1 0 ) .  Upon reachi ng th i s  temperature the c onta i ner  was i mmed i ate l y  
removed from the bath and porti ons of  the mater i a l  were poured into 
nml ds and cans for testing. The suppl i er o f  the rubberi zed aspha l t 
seal ant recommended that the materia l  be sl owl y heated t o  a pprox i mate l y 
1 75 F ( 79 C )  b u t  a hi g her  temperature , 2 50 F ( 1 2 1 C )  was necessary to  
obta i n  su i tabl e pou r i ng cons i s tency . 
THERMOMETERS 
SEALANT 
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STIRRING 
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(120 RPM) 
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0 
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1 6  
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Figure 4. Sealant Evaporation and Heating Equipment 
F i g ure 5 .  Sea l ant  Evapora t i o n  and Heati ng 
Equ i pment  
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Bond-Duct i l i ty Test: 
The  Bond-Duct i l i ty tes t  was con s i de red the most  i mportant of the  
laboratory tests performed . Spec i me n s  of the  sea l ers  were p l a ced be­
tween two b i tum i nous  concrete b l ocks  (Fi g ure 6). These  test  s peci mens  
were coo l ed to  a temperature of 0 F ( - 1 7 .  8 C )  and the b l ocks  were 
s l owl y moved apart , u sing an extensometer dev i ce des i gned and  developed 
for t h i s  study (Chapter I I) .  T h i s test temperature was based on a s tu dy 
of O k l a homa c l i mato l og i ca l  data {1 1 ). An exten s i on rate of 0 . 1 25 i n . /h r  
(3 mm/hr )  whi c h  h a d  been u sed by many prev ious  i nvest i gators ( 2 )  (3) (4) 
was appl i ed to the sea l ants by the extens ometer . 
The 6 i n. ( 1 52 mm ) l ength of t he test bl ocks was based on Cook ' s  
recommendat i on {1 ) .  Several wi dths  and depths of  sea l ant  were tested to 
s tudy the effect of  s hape factor on sea l ant performance ( 1 2 ) . D i men s i on s  
of the  test  s amp l es of  sea l ant between the  aspha l t concrete b l ocks  were: 
1 O. 1 25 i n .  wi dth  x 2 . 0  i n .  depth (3 mm x 5 1  mm ) 
2 - 0 . 2 5  in . w i dth  x 2 . 0 i n .  depth (6 mm x 5 1  mm ) 
3 0 . 2 5  i n. w i d t h  x 1 . 0 i n .  depth (6 mm x 2 5  mm) 
l )  Asphal t- B l oc k  Prepara t i on : The bl ocks  u sed i n  th i s  s tudy were 
prepared from reheated type 1 C 1  a sphalt concrete s u rface course m i xture 
obtai ned from a hot-mi x p l ant  i n  O k l a homa C i ty .  The mi xture contai ned 
5 percent by wei gh t  a spha l t  cement  and the  g radat i on ana l ys i s  of the 
extracted aggregate i s  s hown i n  F i gure 1 8 , Append i x  B .  The hot  m i xture 
was h au l ed from the p l ant  to the l aboratory i n  i n s u l ated drums and then 
div i ded i nto 6 , 000 g batches  wh i ch were p l a ced i n  paper bag s . After 
coo1 i ng,  the sacked  batches  were s tored to awa i t compact i on .  
A 6000 g batch  of m i x  was heated to 250  F ( 1 2 1 C )  and then compacted 
into rectangu l ar bars 1 2  in . 1 on g , 4 i n .  w i de and  3 i n. t h i c k  ( 305  x 1 02 
SEALANT 
MATERIAL 
J_ 
SEALANT 
WIDTH 
F i gure 6. Bond-Du ct i l i ty Test 
Blocks 
1 9  
2 0  
x 76 mm). The  compacted den s i ty of  these bars was abo u t  94 percen t .  A 
kneading compactor confo rmi ng  w i t h  ASTM D-1561 (1 0) was u s ed .  The  com­
pactor was mod i f i ed to mol d  t he rectangu l ar bars . A 2 by 4 i n. (51 x 1 02 
mm) steel tampi ng foot was mou n ted on  the booster ram and a speci a 1 1 y  
des i gned cran k i n g  carri age  w i t h  a rectang u l ar  mol d  repl aced  the turntab l e 
on the mac h i ne .  T he procedure u s ed for fabr i cat i ng  the aspha l t  concrete 
bars and deta i l s  of the compacti ng mach i ne are s hown i n  F i gu res 1 9 ,  20 , 
2 1, 2 2  and  23, Appendi x B .  Compacted speci mens  were removed from the  
mol d  and  transfe rred to  a smooth f l at s heet of p l ywood where t hey were 
a l l owed to s tand for one day at room temperatu re . The  bars were then 
cut i nto four equa l  s i ze b l ocks u s i ng a masonry s aw (Fi g u re 2 4 , Appendi x  
8). These b l ocks  were than  was hed , dried and s tored pri or to assemb l y  
a n d  pour i ng  o f  the seal ants . 
2 )  Test  Spe ci mens: Two b l ocks  were a s sembl ed wi t h  rough (uncu t )  
s i de s  fac i ng each  other to form a test  s pe ci men . An a l umi num  spacer was 
p l aced between the two b l ocks  to c reate an  open s pace approxi matel y  6 i n .  
(1 52 mm ) l on g . Spacers  of d i fferent th i c kn e s s  and hei gh t  were u sed to 
o bta i n  t he requ i red sea l ant d i mensi on between  the bl ocks . Mas k i n g  tape 
was u sed to ho l d t he b l ocks  i n  pos i ti on  and to prevent any l eakage  
(F i gu re 7 ) .  The  hot  sea l ant  was poured i nto the space between the  
b l ocks  i n  s uffi ci ent q uantit i e s  to  f i l l  the  s i mu l ated crack  fl u s h  wi t h  
the s u rface of  t h e  bl ocks . A 5 0  cc  ( 5  x 1 0- 5m3 ) g l a s s  syr i nge  w a s  em­
pl oyed i n  p l ac i ng t he sea l ant i nto the 0 . 1 25 i n .  (3 mm) wi de crack spec­
i men s . The rubberi zed aspha l t sea l ant had to  be p l a ced i n  the s pec imens 
wi t h  a heated spatu l a .  Three test s pecimens for each of  the  three sam-
p l e  d i mens i on s  were prepared from the respecti ve s ealant  mate r i a l s .  The 
s peci mens  were a l l owed to s tand at  room temperature for 48 h r , t hen  
Fi gure 7 .  Specimen Preparati on for Bond­
Duct il ity Tes t  
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any exces s  materia l was tr i mmed and the s pa cers were removed . T he 
specimens were then  s tored i n  a l ow-tempera ture cab i net  a t  0 F (-17.8 C )  
for testi ng . 
3) Extens i on at Low Temperature : S i x s pec i mens  hav i ng the same 
width and depth o f  sea l ant were removed from the l ow-temperatu re stor i n g  
cabi ne t  and i mmed i atel y mounted in the c l ampi ng frames of  t he exte n s i on 
mach i ne ( Fi gure  8). These  s ea l ant spec i mens were then extended to 100 
percent of the i r origina l  w i dth  at  a u ni form rate of 0.125 i n . ( 3 mm) per 
hour .  Duri n g  extens i on the temperature s urroundi ng t he  tes t  s pe cimens  
was ma i ntaine d  at 0 ± l F (-17.8 ± 0 . 5 C). The co ndi t i on of the speci­
men s  was checke d  an d recorde d  peri o d i c a l ly during extens i on and  c l os e 1 y  
examined at t h e  end o f  each t e s t  cycle for any s i gn s  of  fa i lure . 
4) Compre ss i on : After extensi on ,  the spec i mens  were removed from 
the c l ampi ng frames of the  mac h i n e  and the  ori g i n a l  w i dth s pacers were 
pl aced  between the blocks . The s peci mens  were turned on their sides 
an d a 1 1 owed to warm for two hours at  room temperature . The warmed 
spec imens  were then i nserted i n  a j ac k i n g  frame and s l owl y compre ssed 
to t he i r  o rig i na l  w i dth. Figu re 9 s hows a specime n  bei n g  compre s s ed i n  
the j ac k i n g  frame . 
5 )  Fa i l u re Criter i a: An extens i on fol l owed by compres s i on con­
s t i tute d  one compl ete cyc l e  for the spec imens u s e d  i n  t he Bond-Ducti l i ty 
tes t .  Testing cyc l es were repeated u n ti l fai l u re occurred i n  the 
s pecimens and the res u l t s  were recorded as  the n umber of cyc l e s  to 
fa i l ure . After removi ng the s pecimens from the extens i on mac h i ne , they 
were thorough ly  exami ned for separati on wit h i n the  sea l ant (cohesion 
fa i l u re) and between the sea l ant and the b l oc ks  ( ad he s i on fa i lu re) . 
Devel opment of  s u rface crazi n g  or  crack i ng , open i ng i n  the sea l ant or 
Fi gure 8 .  Bond - Ducti l i ty Mach i ne Stretch i ng 
S i x  Seal ant Spec imens 
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F igure 9 .  Jack i n g  Frame for Speci men 
Compres s i on 
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any separa t i o n  between the seal ant and the asphal t bl ocks  extend i n g  for 
15 percent ( approxi mately 25 mm) or more of the s pecimen l ength  con­
stitu ted  fai l u re. Al t ho u g h  d i ffi c u l t to  d i st i n gu i sh ,  F i gure lO(a) s hows 
a typ i cal cohes i ve fai l ure i n  a speci men and F i gure 1 0 ( b) shows a br i ttle 
type o f  cohes i ve fai l ure that was frequ ently encountere d .  
Penetrati on Test : ( ASTM D 3407- 7 5T )  
T his i s  a tentat i ve tes t ( 1 0) u sed to provi de a measu re o f  seal an t 
con s i stency .  I t  i s  s i mi l ar to the s tandard penetrat i on test except that 
a s pec i a1 1 y di mens i oned cone i s  used  instead of the penetrati on needle 
( Fi gure 1 1) .  Other con s i s tency tests were also conducted on the sel ected 
seal an ts . The k i namati c and absolute v i scos ity val ues of  t hese  materi als 
were reported a l ong  with the cone penetration val ues . 
Res i li ence Test: ( ASTM D 3407-75T ) 
Th i s test was performed as descr i bed i n  the ASTM Standards ( 1 0) .  
The test i s  performed u s i ng a ba l l penetrati on tool and the res u l ts are 
reported as the recovery percen tage or percent of recovered depth of  
penetrati o n . Res i l i ence val ues prov i de an i nd i cat i on of  the elasti c i ty 
of  t he seal a1t material s. 
Fl ow Tes t: ( ASTM D 3407 - 7 5T mod i f i ed) 
T hi s  tes t  i s  designed to s how t he mobility or fl ow character i sti cs  
of a seal er at  a temperature o f  140 F (60  C ) .  T he tes t  was in i t i all y 
performed as out l i ned i n  ASTM standards ( 1 0 ) .  Resu l ts couid not  be 
reported due to rapi d and extens i ve fl ow o f  t he sel ected s ealants on 
the 75 degree i nc l i ned pa�el (Fi gure 12 ) .  Some mod i fi cat i ons  had to be 
( a )  Coh es i on Fa i l ure 
( b )  Bri ttl e Fa i l u re (Gl ossy 
Conchoi da l  Fracture 
Surface ) 
Fi gure 1 0 .  Seal ant Fa ilure s  i n  
Bond-Duct i l i ty 
Test  Speci mens 
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F i gure 1 1 .  Penetration Test for Seal ants 
u s i n g  a Penetration Cone 
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F i gure 1 2 .  
F i gure 1 3 . 
Flow Test  at 75  Degree 
after 1 0  M i n .  
Standard and Modifi ed F l ow 
Test Pane l s 
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made to make the  test  more su i tab l e for the vari ety of s ea l ant  type s  u sed 
i n  the study. 
A new s upport i ng  frame wi t h  a 1 5  degree ang l e of i nc l i nati on was u sed 
( Figure 1 3 ) . T he pane l s on  the  support i ng frame were p l aced in a 1 40 F 
( 60 C )  oven and the change in l ength  of  the samp l e wi t h  t i me was mon i tore d .  
A p 1 o t  o f  the c hange i n  l en g th of  sample versus  t i me wa s made  and  t he f l ow 
va l ue  for a s amp l e  was take n  as the s l ope of th i s curve . 
Vol ume C hange Test : 
The purpose  of  t h i s test was to determi ne  the  approx i mate amount  of 
s hrin kage or reduct i on i n  vol ume of t he co l d -poured s ea l ants  that occurred 
duri n g  the cur i n g  or sett i ng proce s s . Two d i fferent methods were u sed  
for  t h i s test. The procedure u sed  with the cutback s  was not  s u i tab l e for 
the emu l s i on s  due  to the d i ffi c u l ty i n  d etermi n i ng t he vo l ume change i n  
the emu l sion s .  
l }  Cut bac k s  ( Federa l  Specification SS- S-1 958 - modifi ed): The change 
i n  vo l ume for the  cutbac k  sea l ants  was  determi ned u s i ng a procedure s i mi l ar 
to that s t i p u l a ted i n  Federal  Spec i f i cat i on s  for col d appl i ed concrete 
jo i nt materi a l s ( 1 3). A l . 5 ounce (44xl 0-6m3 ) ca l i brated g l a s s  jar i s  
fil l ed fl u s h  to the  top wi t h  the sea l er .  After determi n i ng the  material 1s 
orig i n a l  vol ume, the  jar i s  p l aced i n  a 1 58 F ( 70 C) forced draft oven 
for 170 hours . The sea l ant  i s  then  coo l ed  i n  a i r  for 1 hou r .  The change 
i n  vo l ume i s  compared w i t h  the or i g i n a l  vo l ume and the  resu 1 t  i s  re­
ported in percentage as the s hr i n kage va l ue of the s ea l ant . 
The s pecifi ed  test procedure was s l i g ht l y  mod i f i ed  s o  ava i l ab l e 
equ i pment  i n  the O . S.U . C i v i l Engineeri ng Aspha l t Laboratory cou l d  be 
u sed . A 0.5 ga l l on ( 1 . 9  x 1 0-3  m3) jar wi t h  rubber g a s ket , conica l  cap , 
and a hose connection was u sed ins tead of  the s uggested we i ght-per­
ga l l on metal  cup .  To evacuate entrapped air which  might infl uence 
accuracy of the resu l ts a vacuum pump was u sed . For comparati ve pur­
poses , vo l ume changes  in both the  a s pha l t  cements and t he rubberi zed 
seal an t were determined using t h i s testing procedure . 
30 
2 )  Emu l sions :  The l os s  of water i n  the s etting proces s  is t he 
prime reason for s h rin kage in aspha l t emu l sion s . Wei ght  was mon i tored 
dur i ng the preparation pro ce s s  in the heating unit . When a l l the water 
was d riven out , the weight l os s  was compared to the origina l  weight  of 
the  materia l . This was reported in perce n tage  as  the materia l -vol ume 
change , assum i n g  the specific gravity for the tes te d  emu l s ions to be 
1 . 0 .  This was con sidered a very reasonab l e a s sumption o n  t he basis 
that the  major componen ts o f  these  ma te ria l s ( aspha l t cement  and wate r )  
bot h  have a s pecific gravity n e ar 1 . 0 .  
Compatibil ity Tes t : ( ASTM D 3407-75T ) 
Asphal t produ cts from d i fferen t  sources may not be compatibl e  with 
each other.  That is , t he i r  d i fferent chemica l  compo sit i on s  a re such  
t hat  they cannot be pl aced together  without the occurrence o f  harmfu l 
reaction s ,  primaril y exudat i on or  fl uxing . Thus , crack sea l ants  can 
react with the  aspha l t binder in the pavemen t to reduce the  effectiveness  
o f  the sea l . The test con sists of pouring the  sea l ants  in a g roove cut  
into the top s u rface  of asph a l t concrete test  specimens . T he specimens  
and  appl ied sea l ants  are pl a ced in  a 1 40 F (60 C) oven for 72 hours , 
removed and a l l owed to cool and then exami ned  for any de l eterious  
effects . Resu l ts were reported on a pas s  or fa i l  basis.  
CHAPTER I V  
RESULTS AND DISCUSS I ON 
Cur i ng and Sett i ng Study 
Dupl i cat i on i n  the l aboratory of the actual  env i ronmental  cond i t i on s  
that exi st at  cracks  i n  a roadway p avement  wou l d  b e  v i rtual l y  i mpos s i bl e .  
However, i t  was des i red to know more about the curi n g  behav i or of quan­
t i t i es of l i qu i d  sea l ants i n  d i me ns i on s  ( vo l ume and  s hape ) s i mi l ar to 
those they mi ght  a s s ume when poured i n  pavement crac k s . The curi n g  
stud i es o f  sea l ants i nsta l l ed i n  s i mu l ated cracks  made i t  pos s i bl e  to 
determi ne  a reasonabl e end poi n t  we i ght  l os s  to u se  i n  prepar i n g  s ampl es 
of these materi a l s for t he o ther tes t s  u s ed i n  th i s  i nvesti gat i on .  
As prev i ou s l y  d i scus sed , s ome of  these s i mu l ated cracks  were formed 
from l uc i te p l ates and others from b l ocks  of aspha l t concrete . Some of 
the ''crack "  s amp l e s  were cured at room tempe rature u nder an o s c i l lati ng 
fan and others i n  an  oven at 1 50 F ( 65 . 6  C ) . The major probl ems en­
countered i n  the study were the extreme l y  s l ow we i gh t  l os s  of the  s amples 
and l ea kage of the  sea l ant  from some of the s i mu l ated cracks  and  s ub­
sequent l os s  of  data from the l eaki n g  s ampl es . 
Cutbacks: F i gure 1 4 s hows the relati ons h i p  between we i gh t  l os s  and 
t i me of cur i ng at 1 50 F ( 65.6 C )  for the  cutback sea l ants  i n  l uc i te 
cracks . The  wi dth  to depth rati o  of  t he sea l ant samp l es  i n  these s imu­
lated cracks had a marked effect on  the rate of cur i n g  of the materi a l s. 
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The wi der and more s hal l ow samp l e s  i n i t i al l y cured at a greater rate . 
Predictab ly ,  the MC-800 samp l es exh ib i ted the h i gher  i n i t i al rates 
of cur i n g  and the g reater total we i ght  l os s .  After abou t  600 hours o f  
exposu re a t  t h e  cur i ng  temperature , t h e  s l ope of  each o f  the  c u rves 
approached zero . Some we i g ht l os s  i n  the samp l e s  was s t i l l  occurr i ng 
after 900 hours o f  curin g .  
The cur i ng curves for samp l e s  o f  the  cutback s  seal ants i n  s hal l ow 
pans a re shown i n  Fi gure 1 5 . These  p l o ts are s i m i l ar to those  i n  the 
prev ious f i gu re b ut  show that evaporati on o f  the d i l uent  from these  
sampl e s  occurred much  more rap i d l y  than from t he sampl es i n  the s imu l ated 
crac k s . Th i s i l l u st rates t he i nfl uence of amount of exposed s eal ant 
s u rface area on  the t ime o f  curing. 
These res u l ts  i nd i cated that cur i n g  o f  t he cutback products under 
prevai l i ng fi e l d  cond i ti on s  wou l d  requ i re extended per i ods  of  t i me. It 
i s  qu i te l i ke l y  that i t  cou l d  take as l on g  as several years for comp l ete 
evaporat i on of the volat i l e  con s t i tuents from cutbac k seal ants  i n  pave­
ment crac k s . 
I t  appeared h owever ,  t hat for al l samp l es of  a parti cu l ar cutback 
the rate of cur i n g  ( slope of  the  we i ght l os s  vers u s  cur i ng t i me curve ) 
was dras t i cal l y  reduced at about  t he s ame percen tage o f  we i ght  l os s .  
T h i s l os s  was about 11 percent for the MC-800 materi al and about  8.5 
percen t for t he MC-3000 material ( see F i gures  14 and 15). These arb i trary 
wei ght  l os s  val ues  were taken as  the  end poi nts  for the  res pecti ve c u t­
back s  i n  the evaporat i on proce s s  u sed  to prepare samp l es  of  the seal ants 
for the Bond-Duct i l i ty and other  tests . 
Emu l s i ons:  Several  prob l ems devel oped i n  the s tudy of  t he sett i ng 
or  breaki ng behav i or of emu l s i on s  i n  the s i mu l ated crac k s . One o f  these 
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Pan s-at 1 50° F 
3 5  
was l eakage o f  t h e  seal an ts from the crack mol d s  that were oven dri ed . 
Then , the l i q u id t i ght crack mol d s seemed to i n hibi t  the breaki ng proces s  
s i nce the on l y  way for the emu l s i fyi n g  wate r  to escape was throug h  evap­
oration at the  surface of the c rack . 
Data was obta i ned on  sampl es  p l aced i n  a sphal t concrete crack mol ds 
and ai r d r i ed at room temperature .  The sett i ng curves for these samp l es 
are s hown i n  F i gure 1 6. These c u rves were p l otted u s i ng the 11 Curve 
Through  Poi n t s 11 program i n  a Hewl ett-Packard Cal cu l ator P l o tter (Mode l  
9862A ) .  Agai n ,  the effect o f  w i dth to  depth rat i o  o f  t he sea l ant samp l e  
i s  ev i dent i n  the three type s o f  emu l s i ons .  
The wei gh t  l os s  versu s cur i n g  t i me curves  exhi b i t a p l ateau effect 
wi t h  peri ods  of rapi d wei gh t  l os s  fo l l owed by per i od s  o f  s l ow we i gh t  
l os s  dur i n g  a two month  d ry i ng  t ime .  Coal escence of the  d i spersed 
asphal t drop l ets  i n  both t he an i on i c  and cati on ic types  of emu l s i on 
c reated a fi l m  at the s urface of  t he crack speci mens .  These f i l ms pre­
vented evapo rat i on  of  the  emu l s i fy i n g  water from t he sampl es and pro­
l onged the setti ng process .  However , d ur i ng per i od i c exami n at i on and 
wei gh i ng of  t he crack mol d s  t hese  f i l ms were d i sturbed  enough  to permi t 
add i t i onal  evaporat i on to take p l ace and t h i s resu l ted i n  the rather 
errat i c sett i n g  curves . Comp l ete setting  of the emu l s i on s  in the s imu ­
l ated cracks req u i re d  several months , but  u nder actual fi e l d cond i t i on s  
where drai nage can take p l ace thorough breakin g  and e l im i n at i on o f  the  
water shou l d  occur much faster . 
Bond-Duct i l i ty Tes t  
Al though t h i s test  was performed i n  accordance  w i t h  a p l anned 
stat i stical des i gn (detai l of  t he des i gn i s  out l i n ed i n  Append i x  C ) , a 
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Fi gure 1 6 .  Sett i ng Curves for Emu l s i on s  i n  Asphal t 
Concrete Crack Mol ds -at  Room Temperature 
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stat i st i cal approach c ou l d not be u sed to  anal yze the data . Several of  
the se l ected s eal ants fai l ed dur i n g  the fi rst  cycl e  of  e l ongat i on and ,  
t h u s ,  there was n o  measu rab l e respons e  for s tati st i cal anal ys i s  ( see 
Tab l e I ) .  The l ac k  of data al s o  precl uded a pl anned stat i st i cal  
corre l at i on study between the Bond-duct i l i ty test and t he other tests  
t hat were conducte d .  T h i s devel opmen t  w a s  not  ant i ci pated s i nce each  
of  the materi al s  was s e l ected on  the bas i s  o f  repo rted effect i veness  
a s  a crack  seal ant ( 6 ) . 
Seal ants : Tab l e I I  presents a s ummary of  the l abo rato ry test 
res u l ts .  Tabu l ar val ues  are averages  of  the res u l ts o btai ned from three 
tested sampl e s . Br i ttl e type fai l ure occurred i n  the  asphal t cement and 
emu l s i on test sampl es dur i ng  extens i on i n  the i r  f i rst  cyc l e .  The nature 
of  these  fai l ures i nd i cated a h i gh s t i ffnes s  modu l us of  these asphal t 
prod u cts  at O F .  The cut back seal ants  better performance can be re l ated 
to a h i g her penetrat i on base asphal t ceme n t  hav i ng a l ower s t i ffnes s 
mod u l us .  
The rubber i zed asphal t seal ant was def i n i te l y  s u peri or to t he other 
seal ants  i n  the  B . D .  ( Bond - Du ct i l i ty )  tes t .  An average of  over e i g ht  
cyc l es was req u i red to  fai l t he  test  samp l e s  of t h i s mater i al . 
Shaee Factor : The s ha pe factor o f  the crack , i . e . , wi dth  to  depth 
d i men s i on s , has an effect on  the capaci ty of  a seal ant  to w i t hs tand 
extens i on and compres s i on .  I n  sp i te of  t he l im i ted data obtai ned i n  
t h i s  tes t , the res u l ts i nd i cate that a h i g her  n umber o f  cyc l es was o b ­
tai ned when the  s eal ant wi dth  was i ncreased from 0 . 1 25 i n .  t o  0 . 25 i n .  
( Tab l e I ) .  A s im i l ar i mprovemen t  was found  when the depth was reduced 
from 2 i n .  to o n l y  l i n .  T h i s  resu l t  co i nc i des  w i t h  the fi n d i n g s  o f  
both Tons ( 3 )  and Schutz ( 1 2 )  i n  t hat , w i t h  o ther cond i t i on s  be i ng the 
Sea l ant  
AC . 60-70  
AC . 85- 1 00 
C RS-2  
SS-1 
4004 
MC-800 
MC-3000 
MS-LV 
TABLE  I 
BOND- DUCT I L ITY TEST RESULTS 
ON SEALANTS 
No . of Cyc l es  to Fa i l u re* 
Crack  D i men s i o n s , i n .  
2 x 0 .  1 2 5  2 x 0 . 2 5  1 
-
-
-
-
-
-
--
-
-
-
3 . 33 2 
1 2 
7 8 
*Average of t hree s amp l es 
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x 0 . 25 
-
-
-
-
-
2 
3 . 67 
1 0  
E I I  
SUMMARY OF  LABORATORY TEST RESULTS 
B . D . Test Penetrat i on,  mm .  F l ow Sea l ant Avg .  No .  of  Res i1 i ence S l ope Shri n kage 
Materi Cycl es  Cone Std. Needl e  % mm/mi n % Comp at i b i l  i ty 
,-------·�-·-·- -,-�-, ·� -·- ·- -��·--- -�--·�--
AC . 60-70 - 40 57 1 1  o .  7 9  1 .  26  Pass  
AC.85-1 00  - 66  80  l .  7 1 . 1 3  1 . 1 3  Pas s  
CRS-2 - 80 82 1 . 0 1. 77  2 9 . 54 Pass  
SS - 1  - 8 1  88 - 1. 5 1 . 57 2 9 . 25 Pass  
4004 - 6 8  72 7 . 75 0 . 98 42 . 8  Pass  
-
MC-800 2 . 44 1 44 >250 - 13 .5  4 . 27 1 2 . 76 Pas s 
MC- 3000 2 . 22 1 82 >250 -36 . 5  6 . 35 8 . 22 Pass  
MC-LV 8. 33 45 55 39  6 . 67X l 0-3 0/45 Pass  
s ame , t he greater the mi n imum width  of the  crack and the s ha l l ower the  
crack  i s  s ea l ed  the  l es s  the  s ea l er w i l l  be s tra i ned  when  the crack 
open s .  
Penetrati on Test 
40 
As expected , the cone penetrati on v a l ue s  for aspha l t materia l s run 
con s i derab ly  l es s  than the  standard penetrat i on test v a l ues  (Tabl e I I ) .  
Cone penetrati on  val ues ranged from a l ow of 40  for the 60-70 penetrat i on  
aspha l t cemen t  to  a h i g h  o f  1 82 for the  parti a l l y  cured MC- 3000 . SS- 1  
and  CRS-2 products are usua l l y  made  from as phal t c ements  hav i n g  a stan­
dard  penetrati on o f  ( 1 00-200 ) .  Tes t  resul ts  on res i due from d i s t i l l at i on 
of  these  mater i a l s (Tabl e V Append i x  B)  i nd i c ate that they were made from 
aspha l t ceme n ts hav i ng standard penetrat i on on the l ow end of the above 
range . 
From the  l im i ted data , i t  appea rs t hat  penetrat i on va l ues bel ow 
a bout 1 00 woul d i n d i cate a s ea l an t  w i t h  unde s i ra b l e  s t i ffn e s s  propert ie s . 
Th i s co i nc i de s  w i t h  Man ke and Nourel d i n ' s  ( 1 4) f i n d i ng  based on  the 
l im i t i n g  st i ffnes s  concept that the 85- 1 00 penetrat i on a sp ha l t i s  con s i d­
ered too hard a grade at 0 F ( - 1 7 . 8  C ) . Such an  a spha l t cement woul d 
exh i b i t  very l ow ul t i mate tens i l e  s tra i ns .  Thus , fa i l ure at  t he f i rst  
B . D .  extens i on cyc l e  for  the  a spha l t cemen t  and t he emul s i on seal ants i s  
not s urpri s i n g .  However , t h i s  does not  a pp l y  t o  the  rubberi zed  s ea l ant 
and s tron g l y  s uggests  the need for d i rect eval uat i on  o f  a sea l ant ' s  
s t i ffnes s  modul us . 
Res i l i en ce Test  
The res i l i ence test prov i des  a measure of the e l asti c i ty of t h e  
4 1  
sea l ant mater i a l s .  The negat i ve res i l i ence val u es i n  Tabl e I I  were ob-
tai ned  becaus e  the 0 . 67 5  i n .  ( 1 7  mm)  d i ameter ba1 1 penetrati on head u sed 
to conduct the test ( 1 0 ) conti nued to penetrate the s amp l e when the 
c l utch  was rel eased . 
Rubberi zed aspha l t had the h i ghest  recovery percen tage  fol l owed by 
the 60-70 penetrati on aspha l t ceme nt .  For the  rubbe r i z ed aspha l t ,  there 
seems to be a good corre l at i on of the  test  resu l ts  wi t h  performance i n  
the B . D .  tes t .  T h i s  may s uggest that the tes t  i s  an  i mportant i nd i cator 
of  the seal ant  perfo rmance but a more defi n i t i ve s er i es of  tests are 
needed to e s tab l i s h t h i s .  
Fl ow Test 
A l i n ear  rel at i on s h i p  between  t ime ( i n  terms o f  mi n utes ) and fl ow 
d i stance ( i n  terms  of  mi l l i meters ) was found for a l l seal ants at a 1 5  
degree  ang l e of i nc l i nat i on  of  the fl ow p l a ne . These rel at i o n s h i ps  
s hown i n  F i g ure 1 7  were p l o tted u s i ng the Hewl ett- Pac kard Cal c u l ator 
Pl otter (Model 9862A ) . 
I n  prev i ou s  research work ( 2 ) and  i n  standard test s  for s ea l ants  
( 1 0 ) ( 1 3 ) l im i ts of  fl ow are estab l i s hed and the test res u l t s  reported as 
pas s i ng o r  fa i l i ng  based o n  whether these l i m i ts  are exceeded . Based on  
resu l ts of  the mod i f i ed tes t , the s l ope o f  the  l ime for a part i c u l ar 
seal i ng mater i a l  was cons i dered more descr i pti ve of  i ts mob i l i ty o r  fl ow 
characteri st i c s . T hu s , the  s l ope o f  t he p l otted l i ne s  i n  F i gure 1 7  were 
reported as the f l ow val ues  for t he sea l ants . These  val ues ranged from 
6 . 35  for the  parti a l l y  cured MC-3000 to  6 . 67 x 1 0-3 for t he rubber i zed 
seal ant .  The l atter res u l t i s  c l o s e  to the 3 . 0  mm ( after 4 hou rs ) 
tentati ve s pec i fi cati on f l ow l i m i t ( 1 0 ) . However ,  there was no  apparent 
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Fi gure 1 7 .  Re l at i on s h i p  Betwee n  F l ow and Time at 1 5° Ang l e  
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re l at i on s h i p  betwee n  res u l t s  of th i s  test  and those o f  other tests  per­
forme d . 
V o l ume Change Test 
43 
Average s hr i n kage or reduct i on i n  vo l ume ( i n  terms of percen tage ) 
of t he respecti ve co 1 d-poure d  sea l ants i s  s hown i n  Tabl e I I .  Emu l s i on s  
ex h i bi te d  the h i g her s hr i n kage va l ue s  w i t h  maximum o f  4 2 . 8  percent for 
the 4004 s pec i a l emul s i on .  The MC-3000 had the mi n i mum s hr i n kage  v al ue 
o f  8 . 2 2  percent for the co l d - poured mater i a l s .  Val ue s  for the hot­
poured seal ants are a 1 so  reported for comparati ve purposes . These  
materi a l s s howed very l i tt l e vo l ume change  u s i ng the standard test pro­
cedure . 
The test  resu l ts i nd i cate the approxi mate amount  of s hr i n kage to be 
expected i n  the fi e l d .  I t  i s  t hought  that a vo l ume reducti on of more 
than 30 percent i n  the f i e l d  woul d  requ i re a second appl i cat i on of the 
s ea l ant  i n  order  to a s sure good performance . The extra costs  i nvol ved 
i n  add i t i on a l  app l i cati ons  wou l d  n atura l l y  l imi t the use of s u c h  s ea l ants . 
Thus , a reasonab l e shr i n kage  l i m i t of  30 percent cou l d be u sed  as  an  
accepta b l e va l u e .  
Compat i b i l i ty Test 
Al l seal ants pas s ed th i s test  w i th  no v i s i bl e  s i gn of i nc ompat­
i b i l i ty ( formati on of an o i l y  exudate at the i nterface between t he 
s ea l ant  and the a spha l t  concre te ) . Al t hou g h  standard test  procedures 
u se l aboratory specimens  of  aspha l t concrete , the test s hou l d  be performed 
u s i ng core s amp l e s  from the cracked pavement to be s ea l ed .  
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Eva l uati on of the Test Program 
Tests such  as res i l i en ce , f l ow , compat i b i l i ty ,  and the vari ous  hard­
ness  and penetrat i on tests  can  serve to i nd i c ate s ea l an t  materi a l s wi th  
i nferi or phys i ca 1  propert i e s .  T hese  tests  d o  not , however , have the 
capabi l i ty of  s i mul ati n g  actual  crack cond i t i ons as does the  B . D .  tes t .  
Th i s was d emonstrated i n  the Lou i s i an a  s tudy ( 1 5 ) , where corre l ati on  be­
tween the sea l a n ts test properti es and  the o bserved fi e l d  performance 
was found  on l y  wi t h  the res u l ts  of  a s imi l ar B . D .  test . 
Al though the  u s e  of  l onger spec imens  made the conduc ted B . D .  tes t  
cond i t i ons  i n  t h i s study more severe , t h e  resu l ts of t h i s test  s hou l d  
permi t rel i a bl e  p redi ct i on o f  sea l ant  f i e l d performance . I n  v i ew of the 
fi n d i ngs  o f  the crack dynam i c s tu dy ( 1 6 ) , i t  m i g h t  be we 1 1  to  modi fy 
th i s  test to i nc l ude both exte n s i on and compres s i on cyc l e s  under c l o se ly  
contro l l ed cond i t i on s .  
No d i rect re l at ion was found between the penetrat i on resu l ts and 
the number of B . D . cyc l e s  for the tested sea l ants . Several s tud i es on 
the st i ffness  modu l us of a s pha l t mater i a l s at l ow temperature have agreed 
that h i gh s t i ffness  modu l us va l ues  are a s soc i ated wi t h  l ow u l t i mate 
stra i n s  for the materi a 1 s ( 1 7 )  ( 1 8 )  ( 1 9 } .  Thu s , i t  s eems t hat a better 
i nd i ca t i on of the s ea l an t ' s  req u i red  stra i n  capaci ty mi ght  be obta i ned 
by determi n i ng i ts s t i ffne s s  modu l u s . 
No defi n i te re l ati on s h i p cou l d  be e s ta b l i s he d  between the res u l ts 
of the  res i l i ance  test  and those  of the  other test s  that  were condu cted . 
Add i t i ona l  tes t i ng and eva l uati on  i s  n eeded to determi ne  the va l ue  of 
th i s  test a s  an i nd i cator of sea l ant performance . 
Al though  a better measure of the  fl ow property of standard aspha l t 
seal i ng materi a l s was devel oped i n  t h i s researc h , the sea l ant mob i l i ty 
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i s  thoug h t  to have no d i rect  bear i n g  on  performance and t h i s  test  cou l d  
be e l im i n ated a s  an  eval uat i v e  p rocedure . A l so ,  the  vo l ume c hange tes t  
i s  cons i dered t o  have no  cr i t i ca l  va l ue as  a measure of performance , but 
i t  does have some practi cal  v a l u e .  
The  compat i b i l i ty test  a s  conducted i s  a s u bj ect i ve test . I t  
depend s  o n  a v i s u a l  eva l uat i on  o f  the  s amp l e s  and the  accu racy o f  the  
res u l ts depends on t he s ki l l  a nd  tra i n i ng of  the  personnel  exami n i ng 
the test  spec imen s .  Th i s  requ i re s  the devel opment  of good examp l e s  
( test  spec ime n s ) s howi n g  i ncompat i b i l i ty -o i l exudat i on s , e tc . , at  the 
i nterface between the s ea l ant  and aspha l t concrete s amp l e s  to establ i s h 
cri teri a for the  pass-fa i l c l as s i fi cati on  of res u l ts .  The  i mportance of 
th i s  test i s  often over l ooked by pav i ng aspha l t techno l og i sts . Th i s  
test , w i t h  pos s i b l e  mod i fi c at i on s , s hou l d  be retai ned to eval u ate pro s ­
pect i ve seal ants . 
Adverse react i on s  between d i s s i mi l ar a s pha l t mater i a l s mi ght  best 
be determi ned u s i ng Ol i en s i s 1  p rocedure ( 2 0 )  i ns tead of  the s tandard 
compat i b i l i ty tes t .  U s i n g  th i s  procedure , a recovered s ampl e o f  aspha l t 
cement  ( ASTM 0- 1 856 ) from the  cracked pavement  to be  seal ed i s  p l a ced i n  
a s ha l l ow pan and dusted wi t h  f i ne  tal c .  Several drops of the  s ea l ant 
are p l aced on  the  tal c-covered s urface and the  as sembl y  i s  heated at  
1 1 0  F ( 43 . 3 C )  for  7 2  hours . The  resu l t s  a re reported a s  the width  to  
the nearest  0 . 1  m i l l i meter of  the  dark r i n g  i n  the tal c-covered  surface 
s urround i ng the drop of s ea l ant .  A very narrow r i n g  ( l es s  than 0 . 5  mm ) 
wou l d  be c l a s sed  compat i bl e .  I l l u s trat i on s  for contact compati b i l i ty 
and i ncompat i b i l i ty for s u c h  a test are s hown i n  books  by O l i en s i s  ( 2 0 )  
and Traxl er ( 2 1 ) .  
CHAPTER V 
CONCLUS I ONS AND RECOMMENDAT I ONS 
Concl us i on s  
Th i s l aboratory i nvest i gati on  was d i rected t owards eval u at i ng and/ 
or  deve l op i ng  test procedu re s  for sea l ant  materi a l s that wou l d  reasonab ly  
pred i ct the i r f i e l d  performance . Based o n  t h i s work , the fol l ow i ng  con ­
c l u s i on s  are made : 
1 .  The bond-duct i l i ty mac h i n e  devel oped for t h i s project  p rov i des  
a re l i ab l e means  of  test i ng a s p ha l t  s ea l i n g  mater i a l s for t he i r  bon d i ng  
character i st i cs  and ducti l i ty behav i or under  cond i t i on s  s i mi l ar to  t hose  
exper i en ced i n  the f i e l d .  
2 .  The mach i ne and i ts anc i l l ary equ i pment can test mul t i p l e 
s ampl e s  of sea l ant  at preci s e l y  contro l l ed rates of ten s i l e  stra i n  under 
a w i de range of tempera ture cond i t i on s . 
3 .  The mac h i ne  i s  vers at i l e  and can b e  empl oyed to c l o se l y  s i mu l ate 
season a l  crack  movements t hroug h  cyc l i c  app l i cat i on  of tens i l e  and com­
press i ve s tra i ns to sea l ant  s peci mens .  
4 .  The rubberi zed a s pha l t was super i o r  to the  other sea l ants  i n  
the bond-duct i l i ty tes t .  T h e  res u l ts i nd i cate that the a s p ha l t ceme n ts 
and the  emu l s i on s  are too s t i ff ,  i . e . , they fai l  i n  adhes i on and/or 
cohes i on under tens i l e  s tra i n at l ow temperature , and w i l l  not funct i on 
adequatel y  a s  a " sea l i ng 11 mater i a l. The performance  of the cutback 
aspha l t s  was o n l y  s l i g ht ly  better i n  t h i s regard . 
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5 .  As conducted , the  bond-duct i l i ty test may be too ri gorous  from 
the s tandpo i nt o f  exten d i n g  the  s ea l ant spec imens  to 1 00 percent  of  the i r 
or i g i na l  w i dth . 
6 .  There was l i tt l e or  no  corre l ati on between the  res u l t s  of the  
respect i ve tests  performed on  the s ea l ants . 
7 .  The penetrat i on , res i l i ence , fl ow , s hr i n kage and compat i b i l i ty 
tests  have s ome va l ue as  i nd i cators of  qua l i ty and other des i rabl e 
s ea l ant propert i es but denote l i tt l e concern i ng expected f i e l d perfor­
mance o f  a s ea l an t .  
Recommendat i ons  
I n  v i ew of  the  observat i on s  and conc l u s i on s  made i n  t h i s i nves t i ­
gat i on , the  fol l owi ng  recommendat i on s  are presented : 
l .  The bond-duct i l i ty test s hou l d  be adopted  a s  the  bas i c  eva l ua ­
t i ve procedure for crack sea l i ng materi a l s .  I t  i s  suggested that the 
tes t  be mod i fi ed to i nc l ude  both extens i on ( at 0 F)  and compre s s i on ( at 
77 F )  of the s ea l ant  spec imens .  The app l i ed tens i l e  and compre s s i ve 
stra i ns s hou l d  be l im i ted to about 50  percent o f  the  ori g i na l  s peci men 
wi dth .  
2 .  Before tes t i ng l i qu i d  a spha l t products  for des i rab l e s ea l ant 
characteri s t i c s , a l l water from the  emu l s i on s  and at l east  95  percent  of  
the d i l uent  or  s o l vent i n  the cutbacks  s hou l d  be removed . 
3 .  A determi n at i on o f  the s t i ffnes s modu l u s  o f  s tandard aspha l t 
products s ho u l d  be i nc l uded i n  eva l uat i v e  test procedures for sea l ant  
mater i a l s .  I n  prev i ou s  work , t h i s  parameter has  been s hown to sat i s ­
factori l y  character i ze the l ow-temperature respon s e  o f  a spha l ts .  
4 .  A l i mi ted  f i e l d  test  program t o  eval u ate the e ffecti venes s  
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of var i o u s  sea l ant  materi a l s and appl i cat i on  techn i ques  shou l d  be con­
du cted . The res u l ts  of  s u c h  a s tu dy wi 1 1  a s s i st  i n  determ i n i ng the 
val u e  of l abo ratory test procedures  and i n  establ i sh i ng rea s onab l e cri ­
ter i a  for sea l ants based on  actual  s erv i ce condi t i on s  and performance . 
A pro po sed  stat i s t i ca l  des i gn for s u c h  an  i nvest i g at i on is out l i ned  i n  
Append i x  D .  
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TABLE I I I  
BOND- DUCT I L ITY TEST I NG MACH INE  COMPONE NTS 
N o .  
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1. 
1 2 . 
1 3  
1 4  
1 5  
Components Quan t i ty 
Moto r* 1 
Vari ab l e Speed Dri ve* 1 
Gear head* 1 
Extended Screw Control l 
Coup l i ng s + 1 
Bear i ngs  t 2 
3 
Steel worms 2 
Worm Gears 2 
C l amp i ng Frame 2 
Support i ng Tabl e l 
Low-Temperature Cabi net  1 
1 
Di a l  Gage s  2 
Stop-Watch 1 
Temperature Probe 1 
( thermi stors ) l 
Tel e-Thermometer l 
* Obtai ned a s  one u n i t ,  J K3 -W4- M3 
Spec i fi cat i on s  
1 M3 , 3 Hp . power 1 1 5/ 1 /60  Zero-Max . 
Zero-Max . 
Zero -Max . 
J K3 ,  s peed range 400-0-400-Torque  Rati ng 25 i n . - l b s .  
W4 , Ri g ht .  ang l e ,  Gear Rat i o  40 : 1 -Torque Rat i ng 300 i n . - l bs .  
Zero-Max . 
Boston Coupl i ngs , FC 1 2 ,  Max Torque 200 
Boxton Coupl i ng s , FC 1 5 ,  Max Torque 500 
Boston P i l l ow B l ocks , Sp l i t  Cas t  I ron , 
Boston P i l l ow B l ocks , Sp l i t  Cast  I ron , 
i n .  -1  b s . 
i n .  - 1  bs . 
Catal og #34450SRP1 6  
Catal og #34438SRP8 
Boston Worms , Lead Ang l e = 4°46 ' , Cat . #L 1 056  
Boston Worms , Bronze , pressure ang l e = 1 4  1 / 2 ° , Cat . #GB1 055 
0 . 6  i n .  t hi ck a l umi num , F i gure 5 .  
1 . 0 i n .  t h i ck  a l umi num w ith  4 adj ustab l e l eg s . F i gure 3 .  
For Extensome ter . Lab-L i ne Cat . #3922 , power 1 20/ 1 /60 
For Samp l es Sttir i n g , So-Low I n c . Cat . #PR50-G , power 230/ 1 / 60 
E l ectri c - Lab-L i ne  T imer , 1 20/60  
General purpose , imbeded i n  A . C .  b l ock , YS I Seri es  401 . 
Ai r-Temperature , YS I  Seri e s  405 
Scan n i ng Tel e-Thermometer , YS I Model 47 
-t Boston Gear Catal og (J1 N 
LOCATI ON 
EQU I PM ENT * 
U S ED 
• H P 
e R P M ,  I N  
j 
II 
• REDUCTION I 
RATIO l 
e TORQUE, lb . in . ( 
• R P M ,  OUT 
• SHAFT DlA.,  i n .  
• NO.OF THREADS 
P E R  i n .  
e TRAVELLING 
SPEED, i n. / h r  
• FORCE ,  1 03 l b. 
M OTO R  
I /  3 
1 725 
TABLE I V  
SPEED  REDUCT ION ARRANGEMENT 
OUTS I DE F REEZER 
CONNECTlM:> WORM G EARS 
GEAR HEAD SHAFT 
1 72 5  6 6.8 1 .6 7 1.67 
2 6 : I 4 0 :  I I OO : I 
2 . 9  1 1 6.0 1 1 6 . 0  
66. 8 t.6 7 1 . 6 7  I � 
0.7 5  0 . 5 0  
*TABLE l. A PP EN D I X  A SPECI F I ES I N  DETAI L T H E  EQU I PMENT USED . 
DOU B L E  
P U  LUN G  
SHAFTS 
I 
60 
7936 
I 
-so 
LOO 
2 x 1 1 . 0  
CONNECTI 
H EAD 
I 
60 
7936 
1.00 
4 
...L 
8 
U1 
w 
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Fi gure 1 8. S i eve AA alys i s  of Ex tracted Hot-Mi x Aggregate 
<.n 
<.n 
Pro cedure for fabri cati ng 1 2  by 4 by 3 i n . asphal t  concrete bars . 
1 .  P l ace approxi mate l y  6 ,000 g o f  aspha l t concrete mi xture i n  a 
2 50 F ( 1 2 1 C )  oven for at  l east  2 h r .  
2 .  I n to a 1 2  by 5 by 4 i n .  s tee l  mol d ( Fi gure 1 9 ) p reheate d  to 
200° F ,  p l ace s uffi c i ent  aspha l t concrete mi x to f i l l  the mol d  one- ha l f 
fu l l .  
3 .  Ro d t he m i x 2 0  b l ows w i th  a 3/8 i n .  d i ameter b u l l e t-nosed  rod 
( Fi gure 20 ) .  
4 .  Compact s peci men for 5 mi n a t  250  ps i pressure on the d i a l  of  
the  kneadi ng compactor ( Fi gu re 2 1) . The carri age crank  i s  rotated one­
quarter turn , back and forth , for each s troke of the tamp i n g  foot .  
5 .  Add suffi c i ent  materi a l  to fi l l  the mo l d .  
6 .  Rod second  l i ft 2 0  b l ows . ( Be s u re mi x i s  wel l rodded around 
the per i phery of the mol d } . 
7 .  Compact  s peci men for 5 mi n at  250  ps i press u re as  before . 
8 .  Con ti n u e  compact i on for an addi t i ona l  5 mi n at  a p ressure of  
500 ps i  on  the d i a l  of the  compactor  ( F i gure 2 1 ) .  
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9 .  P l ace a steel  l evel i ng p l a te ( 1 1 . 85 by 3 . 86 by 0 . 98 i n . ) on the 
s peci men and compact  for 2 m i n at  5 00 p s i  p ressure to l evel the compacted 
s pec imen  ( Fi gure 2 2 ) . 
1 0 . Remove mo l d  and p l a ce compacted spec i men on smooth s heet  of  
p lywood ( F i g ure 2 3 ) .  
Fi gure 1 9 .  Kneadi ng Compactor 
wi t h  Bar Mol d 
and Carri age  
F i gure 2 0 .  AC M i x ture Be i ng Roded wi th 3/8- i n .  
Bu l l et-Nosed Rod 
Fi gure 2 1 . AC Bar Bei ng Fabri cated . 
Cra n k  Turned 1 /4 
Revo l u t i on for Each 
Stro ke of Compactor 
Foot 
F i gure 22 . AC Bar Rece i v i n g  Leve l i n g  
Load 
(..11 co 
Fi gure 2 3 .  Metal Mo l d  Be i n g  Removed 
From AC Bar 
Fi gure 24 . AC Bar Be i n g  Cu t W i t h  
Masonry Saw 
Seal ant 
No . 
2 
3 
4 
5 
6 
7 
8 
Type 
Asp ha l t Cemen t  
As pha l t Cement  
Cutback 
Cutback  
Emu l s i on 
Emu l s i on 
Emu l s io n  
Rubber i zed  Aspha l t 
*LV stands for Low- V i scos i ty 
TABL E  V 
TESTED SEALANT I NFORMAT I ON 
Grade 
AC 60-70 
AC 60-70 
MC-800 
MC-3000 
SS-1  
CRS-2 
Sp i ca l  Product 4004 
Overfl ex MS-LV* 
Source 
Kerr-McGee Corporati on Refi ne ry , Wynnewood , O K .  
Kerr-McGee Corporat i on Ref i nery , Wynnewood , O K .  
C hampl i n  Refi nery , Eni d ,  OK .  
Champl i n  Refi nery , En i d ,  O K .  
N u  Way Emu l s i on s , Okl ahoma C i ty ,  O K .  
N u  Way Emu l s i on s , Okl ahoma C i ty ,  O K .  
Al l i ed Mater i al s  Corporati on Ref i nery , Stroud , O K .  
Sahuaro Petrol eum & Asphal t Co . ,  P hoen i x ,  Ari zona 
O"I 0 
6 1  
TABLE V I  
I N FORMATION  ON SEALANT MATERIALS 
Asp ha  1 t  L i q u i d Aspha l t 
Tests Cement  C utback Emu l s i on 
60- 7 0  85- 1 00 MC-800 MC-3000 CRS-2 SS- 1  4004 
Spec i fi c  Grav i ty 1 . 0058 . 9956  . 9509 . 9567  - - -
Pentrati on 2 5 ° C  
l 0 0  g ,  5 sec 52 86 - - - - -
V i s cos i ty 60 °C 30 1 2 1 1 28 - - - - -
V i s co s i ty 1 35 ° C 5 1 9 347 - - - - -
Ki n emat i c  V i s e .  
@ 1 40° F - - 1 52 5  3495 - - -
Furol V i s e .  a t  
77 ° F  - - - - 374 38 28 
D i st i ll ation , l 
{ %  to 680° F ) 
To 437 ° F  - - 0 0 - - -
To 500° F - - 30 . 3  2 1 .  7 - - -
To 600°F  - - 75 . 8  73 . 9  - - -
Res i du e  680° F - - 83 . 5  88 . 5  - - -
Res i du e  from 
D i st i l  1 a t i  on - - - - 62 . 0 62 . 5  62 . 0  
Tests  o n  Res i due : 
Abso l ute V i s e .  
@ 1 40° F - -· 529  50 1  - - -
Pen .  , 7 7 °  F 
100 g . , 5 s ec .  35 55 1 80 1 85 99  1 05 79 
Ducti l i ty at 
1 50+ 1 50+ 1 50+ 1 50+ 77 ° F  1 05 1 1 2  6 5  
V i s e .  60° C 7410 2473 - - - - -
V i s e .  l 35 °C  7 58  47 1  - - - - -
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Exper imental  Des i gn for Bond-Duct i l i ty Test 
The tes t was stati s t i ca l l y  des i gned a s  a c l ass i ca l  sp l i t-p l ot 
exper iment  ( 22 )  where tes ted s amp l e s  represented exper imenta l  u n i ts .  
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The two factors , sea l ant  types and sea l an t  d i mens i on s , were cons i dered 
as  treatments . The l eve l s of  t he d i men s i on factor were appl i ed randoml y 
to the exper imenta l  un i ts to end  u p  w i t h  t hree 11ma i n  p l ots '' . Each  mai n 
p l ot  was then s u bd i vi ded i nto s i x  s u bp l ots to whi ch the aforement i oned 
sea l an t  l evel s were randoml y appl i ed .  To i ncrease  t he prec i s i on of 
the exper imen t ,  e ac h  sea l an t  l evel ( s ubpl ot  treatmen t ) was appl i ed to 
three s amp l es ( rep l i cates ) . The  n umber o f  test  cyc l es  the sea l ant  
experi enced before fai l ure was taken  a s  the tes t  res pons e .  
APPEN D I X  D 
F I EL D  TEST PROGRAM EXPERIMENTAL 
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Exper i mental  Des i gn for P roposed F i e l d Test  Program 
The propos ed test program i s  des i gned to study and deve 1 op i nforma­
t i on on the f i e l d  behav i or of se l ected f 1 ex i b l e  paveme n t  crack seal i ng 
materi a l s over a peri od of  several years . The fi e l d performance of 
crack  sea l i ng mate ri a l s i n  expected to be i nf l u enced pr imar i l y  by : 1 )  
the type and qua l i ty of t he sea l ant , 2 )  t he method of  prepari n g  cracks 
for sea l ant  i ns tal l at i on , 3 )  the  amount  o f  hor i zontal  crack  movement  
( re l ated  to  t he pavement  temperature and  effect i ve crack spac i n g )  and , 
4 )  temperature extremes , part i cu l ar l y the  m i n i mum l ow temperature exper i ­
enced by a paveme n t  sect i on . Al l o f  these factors have been cons i dered 
i n  the exper ime n ta l  des i gn .  
I n  order  to correl ate t he res u l ts  of t h i s  i nvest i gati on  w i t h  those 
from t he crack dyn am i c s  study ( I nterim Report I I ) , the f i e l d test program 
wi l l  be l i mi ted to transverse type f l ex i b l e p avemen t  cracks . T hree trans ­
vers e l y  crac ked pavemen t secti ons  have been l ocated duri ng prev i ou s  wor k  
and appear s u i tab l e a s  s tudy s i tes for t h e  p roposed f i e l d test  program . 
These pavemen t  sect i on s  are l ocated a s  fo l l ows : 
U .  S .  1 77 ,  4 . 5  mi l es south  of  U .  S .  66  j un ct i on 
I .  3 5 , 4 . 0  m i l es north  of  Perry 
u .  s .  64 ' 1 . 5  mi l es wes t  of U .  S .  74  j u n ct i on 
These recommended s i tes have enough ful l w i dth  trans verse cracks  to  
s at i s fy t he experi mental  requi rements  and are l ocated near St i l l water 
so that t hey can be conve n i ent ly  mon i tored dur i ng  the s tudy per i od . At 
l east  two of these s i te s  w i l l  be i nc l uded i n  the f i e l d  test p ro gram . 
A deta i l ed cra c k  s urvey w i l l  be conducte d  at  each  o f  t he s e l ected 
study s i te s .  T h i s wi l l  i nc l ude  count i ng , mapp i ng  and  measur i n g  the  
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d i s tance between adj acen t  c racks  to determi ne  the effect i ve  crack s pac i ng 
( ECS ) .  Subsequen t l y , the  cracks  a t  a s i te w i l l  be categor i zed a s  to 
smal l ,  medi um or  l arge ECS 1 s .  A sma l l ECS w i l l  range between 1 0  and 25 
feet , a med i um ECS , between 25 and 55 feet , and a l arge ECS w i l l  be over 
5 5  feet  i n  l engt h .  Based on  the e stabl i s hed rel ati on s h i p betwee n  hori ­
zontal  c rack  movement  and ECS , t he expected sea l ant  stra i n s wi l l  be 
approx imate l y  equa l  for each  of  t hese  spaci n g  categor i es . 
Sel ect ion  of  t he sea l ants  u sed i n  t he f i e l d test  program wi l l  be 
based pr imar i l y  o n  t he l abo ratory test res u l ts presented i n  I n ter im  
Report I I I .  I t  i s  suggested  that the  se l ected sea l ants  i nc l ude  the 
ru bberi zed a spha l t ,  one of  the cutback  a s phal ts  and one of  the  a spha l t 
emu l s i on s  used  i n  the l aboratory study . One or  two add i t i on a l  sea l i ng 
mater i a l s  cou l d  be  added but  th i s wou l d  n eces s i tate add i t i on a l  l abora­
tory test i ng .  
C l ean i ng and preparati on o f  cracks  pri or  to  seal i ng h av e  been 
reported to promote good adhe s i on between the  seal ant  and the crack 
s i des . Methods o f  crack preparat i on  i nc l ude  a i r b l owi ng ,  bru s h i ng the 
s urface and/or crack  s i des , pri m i ng the crack s i de s , rou t i ng of  the  
crack  to a set  w i dth  and  depth , and p l a cement  of  a 11 bond breaker " or 
f i l l er mater i a l  i n  the crack to l i mi t the  depth of  penet rat i on of  t he 
s ea l ant .  Based o n  reported res u l ts i n  the l i te rature , i t  i s  s u gg ested 
that on l y  the fi rst three of  t hese crack preparat i on method s , i . e . , 
a i r-b l owi n g , broom i ng or  bru s h i n g , and pr im i n g , be u sed i n  the proposed 
f i e l d  tes t  program . 
An equa l  n umber of cracks wi l l  be  s e l ected for sea l i ng at  each  s tudy 
s i te .  The total n umber o f  cracks  se l ected wi l 1  depend o n  the n umber of  
sea l ants , crac k preparati on method s , and rep l i cat i on s  des i red in  the 
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study . The l ength  of  each crack to be treated wi l l  be determi ned and 
coded n umbers pa i nted on the pavement  wi 1 1  i dent i fy the treatment  to be 
appl i ed to each cra c k .  
The preparat i on and sea l i ng of  t h e  tran sverse cracks a t  the res pec­
t i ve s tudy s i tes  wi l l  be performed by experi enced ODOT ma i ntenance crews 
u nder the d i rect i on  of research proj ect personne 1 .  Sea l i ng of  the 
cracks 1 1  be comp l eted by October 3 1 , 1 97 9 ,  or as  soon as poss i bl e ,  
thereafter .  Pavemen t  temperatures at  t h e  t i me of  t he sea l i ng operati on s  
wi l l  be recorded . I t  i s  a l so suggested that the pavemen t  temperature be 
recorded at the t i me o f  s u bsequent s urveys of sea l ant performance . 
These surveys or i n s pecti on s  of  the s ea l ed cracks  wi l l  be done on a 
peri od i c  bas i s .  Dur i ng the f i rst  year after seal i ng the crack s  wi l l  be 
i ns pected for ev i dence of fai l u re approxi mate l y  s i x  t i me s . Fa i l u re s  wi l l  
be c l a ss i fi ed as  to type , i . e . , adhes i ve or  cohes i ve ,  and t he extent of 
fa i l u re determi ned by l i near  measurement . Eva l uat i on  wi l l  be based on  
the percen tage o f  tota l l en g t h  that fai l ed for any comb i nat i on of  sea l ant 
type , crack preparati on  method and ECS . F i n a l  stati s t i ca l  eval uat i on of  
the res pecti ve treatment  wi l l  be made after exposure to f i el d cond i t i on s  
for a fu l l  year . 
Stati st i ca l l y  the des i gn o f  th i s  fi e l d test program can be c l a ss i fi ed 
as  a 11 factori a l  experiment11 wi t h  t he treatments  arranged i n  three factors 
hav i n g  vari o u s  1 eve1 s .  The sea l ant type factor wi l l  have up to f i ve  
l evel s and both  the  crack  preparat i on method factor and the ECS factor 
wi l l  have three l evel s .  T h i s des i gn resu l ts i n  approxi mate l y  45 treat­
men t  comb i nat i on s  that wi l l  be app l i ed randoml y to the  se l ected cracks  i n  
each  s tudy s i te or  " bl o c k " . To i ncrease  the prec i s i on , eac h treatment  
wi 1 1  be  appl i ed to at  l ea st  two ( preferab l y  t hree ) cracks  i n  t he  same 
b l ocks . 
